
Canopy Density Analysis at Goshawk Nesting TerritoIie3 
on the 

North Kaibab Ranger District, 
Kaibab National Forest 

Laurie 2. Ward', Dale K, Ward', Timothy J. T i b b i d  

J 3 . d  Report 
April 1992 

Purchase Order #43-815644487 
Nongame and E n d a n g d  Wildlife Pr0gr;lm 

Project Leader: Terry B. Johnson 

Grizona Game and Fish Department 
2221 West Cheaway Road 

PhoeaiX, A.rimaa 850234312 

I 



, .. . 

'Arizona Game and Fish Department, 2221 West Greenway Road, Phoenix, Arizona 85023 
2tJ.S. Fish and Wddlife Service, 3616 West Thomas Road, Phoenix, Arizona 85019 



Introduction 

The northern goshawk (Accipiter genziZis) inhabits forests and w d l a n d s  from sea levd to tree 
line, and is generally asmiated with dense, mahue forest ( B a t  1937, Dkon and Dixon 1938, 
Ligon 1961, Palmer 1988, Johnsgard 1990). Basic ecological requirements of the goshawk that 
are logically linked to habitat type and structure include thermal micrdirnates and cover for 
nesting, habitat for a variety of prey speciw, and the physical environment to which the goshawk 
is behaviorally and morphologically adapted for foraging. The goshawk has been characterized 
a's a short-flight, short-sit-and-wait predator (Johnsgard 1990). As such, and with an Accipiter 
hawk's high maneuverability in short bursts of p e d ,  the goshawk is clcarly adapted to the 
complex, c l o d  physical environment of forests, where Visibility is limited and this foraging 
strategy is optimum. 

Forests and w d a n d s  are assumed to provide various important attributes of goshawk habitat, 
and the specific chamtenstics of forests in turn an respectivdy important, to varying degrees. 
Forest structure is measured by several criteria, including Species composition, basat arca, trees 
per acre, and capopy closure. These characteristics arc related to one another to various 
degrees, in various situations. Of the above habitat attributa, canopy.closure is most readily 
measured from aerial photographs as well as on the ground. Canopy closure to some degree 
reflects other structural attributes such as trtc density and basal arca. 

In North America, northern goshawk nest sites are typ idy  found in mature or overmature 
forest stands charactcrizcd in part by higher degrees of canopy closurc relative to the wider 
surroundings (Bent 1937, Henessey 1978, Reynolds a pZ. 1982, Saundm 1982, Marquiss and 
Newton 1982, Moon and Henny 1983, Mannan and Meslow 1984, Hall 1984, Bloom et ul. 
1985, Crocker-Bedford and Chancy 1988, Palmer 1988, Wmdbridgc 1988, Anonymous 1989, 
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Hayward and Escano 1989, Path 1991). Saundm (1982) found a mean of over 76% canopy 
closure for nest stands, md Hall (1984) found a value of 94% cbsure. In A ~ M ,  C r w h -  
Bedford and Chancy (1988) found goshawks preferred stands with greater than 80% canopy 
closure for nesting. Even where goshawks have k e n  found breeding in atypid  habitat, nest 
sites and the immediate swroundhgs usually exhibit the best available characteristics of 
contiguous stands of mature l q e r  trees and fairly closed canopy (Bond 1940, White a 
1965). 

Canopy closure values and other forest attributes over the broader home range of the goshawk 
are not as well defined ai the nest stands. However, where a mosaic or range of forest types 
and clearings arc present, evidence suggests goshawks forage preferentially in the most mature 
or more heavily wooded forests present (Fisher 1986) and/or prefer woodlands over cl+gs 
senward 1982). Cracker-Bedford (1990) provided evidence that mature forest characteristics, 
OVRT an area much more extensive than the nest stands, are important in mai,ntajning succasful 

The goshawk’s apparent preference for w d h d  o v a  claings,  and for the more mature of 
availablc forest types likely reflects the superior availability of the important habitat attributes 
discussed above (ncst sim, prey habitat, f0-g habitat). Canopy closure, by reflecting 
density and continuity of forest conditions, thus provides one measure of goshawk habitat 
suitability. Alteration of hprtant habitat characteristics, including reduction in canopy closure, 
may reduce numbas and availability of goshawk prey Species such as A M ’ s  squirrels (Patton 
a el. 1989, r d  squirrels (Sullivan and Moses 1986) and forat dwelling birds (Mannan and 
Siegcl 1988). Forest thinning may also allow raptor spcies better adapted to mote open forest 
conditions to outcompete and even prey upon goshawb in degraded goshawk habitat (Moore and L-p I - ‘  

Hemy 1983). The appearance of other raptors or ravens nesting in abandoned goshawk nests, 
has been documented on the North Kaibab Ranger District (Zinn and Tibbitts 19901. The* 
probability that b r d i n g  northern goshawks wi l l  occupy a tenitory and produce young is 
therefore likely to be directly and indirectly affected by changes in critical forest attributes, 
including canopy closurt and other attributes reflected by canopy closure. 

breeding sit+ O r J  p - r ”  i L . 7  C L W . H . ~ C  - r;, - A +  ,”., 1”  kGLr,. ruSq.r:* 1 3 2 y t - J  ea\‘ T f i - ! , ; ,  
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A locaUy dense goshawk papulation has been dmummted and rnonitortd from the mid-1970s 
through 1991 on the Kaibab National Forest, N o d  Kaibab Ranger District (NKRD) (Luckett 
1977, Csocker-l3edford and Cbancy 1988, Tibbitts er d. 1988, Tibbitts and Zian 1989, Crocker- 
W o r d  1990, Zinn and Tibbitts 1990). Declines h size and repmluctive success of this 
population sin# htCnSivc postwar timber harvest began have been hypotheshed and d-ribed 
(Crocker-Bedford 1990, ZiaD and Tibbitta 1990). 

In 1990, the Arizona Game and Fish Department (AGFD) analyzed forest canopy closure around 
goshawk nest cIusteft on the NKaD, in cooperation with the Kaibab National Forest 0. 
We sought to elucidate any correlation between changcs in canopy dcnsity and goshawk 
population trends. We analyzed canopy density, as meaSured by percent canopy closure, at 21 
goshawk nesting knitoria on the NKRD. We compared changes in canopy density recorded 
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on aerial photographs with changes h goshawk nesting succc99 documented in AGFD's 
continuing monitoring program, also done in ccqaation with the KNF. 

t 

Methods 

We grougd NKRD goshawk nests into hypothetical nesting temtorica b a d  on historid 
t ~ ~ u p a n c y  and nest proximity. We defined a nesting tcnitory aa a cluster of nests within 0,s 
mile of a common center, With no mofe than one nest active per year. Most NKRD nest 
territories exist as discrete clusten of two to four nests within lo0 meters of one another. We 
mught to compare canopy closure changes h temtones active in both 1972 and 1989 with those 
active in 1972 but inactive by 1990. Definitions of "active" and "inactive" follow Postupalsky 
(1974); "active" being a nest (or temtory) occupid by goshawks with the reproductive effort 
achieving at least the prcxluction of eggs. Goshawk tetritonca defined on the NIERD are 
presented'in Appendix A. 

We selected territories for canopy closure determination based on 2 criteria: 

1. Temtories must have had reliable reproductive data obtainable from past nest records, 
and the temtory must have been active at least one breeding prior to 1988. 

2. Territoncs must have had 1972 aerial photographs available. 

Within the constmints listed above, we chose two groups of territories. One group included 
territories which had been active prior to 1988 and were active at least one breeding s e w n  since 
1988. This group contained territories 2, 3, 4, 15, 19, 20, 22, 34, 46 and 50. We analyzed 
photos from 1972 and 1989 for this group. The other group of ted.ories had been active prior 
to 1988, but had remained inactive since 1988. 1972 and 1989 photos werc used for tenitorits 
1, 10, 36, 37, and 51. The 1989 overflights of the NKRD was the most recent prior to this 
study but did not photograph the en& District, n d t a t i n g  the use of 1986 photos for 
temtorits 12, 33, 38, 47, 53 and 54 within this second group. None of those tmitonm for 
which 1986 photos were u d  wete active after 1986, therefore any habitat change nlcvant to 
its breeding status should have been mded during t h ~  1986 overflight. 

W e  assembled atzial photographs to encompass 2500  acre^ centered on each nest cluster. Nest 
cluster location3 were transferred to mylar from 7.5 minute U.S. Geological Survey (USGS) 
topographic maps with nest locations marked on them. Concentric circular areas of 250,700, 
and Id00 acres were nested within the 2500 acre area and all four weft traced on the mylar. 
If the nest tree$ wc~~''Spaced more than 0.25 miles apart, the 250 afta was ccnterd on the 
nest tree active for that y a ' s  photo. The 700,1600, and 2500 a m  artas were centered on the 
nest stand. Obvious mads were traced to facilitate posi'tionhg of photos. 

In order to decrease subjective classification errors, one person outlined a,reaa of generally 
uniform canopy density and vegetative characteristics on the mylar, down to a minimum patch 
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size of m acres. Areaj smaller than ten acres were grouped with the adjacent area of closest 
C ~ ~ O Q Y  ador vegdaive characteristics. This same person used a cmwn density scale pmiucd 
by Forest Survey-Central States Forest Expimental Station to placc each area in one of 5 
canopy closure classes: IF20%, 20-4096, @a%, 60-80%,80-100%. Approximately 30% of 
each area was sampled and compared to representative grid densities prior to categorization. 
If the average density for one am was between classes, then the arts was place in the higher 
canopy class. Therefore, an ana averaging 20% canopy closure would be placed in the 20%- 
40% class rather than the 096-2096 class. We m a d  the area of each outlined canopy density 
class using a planimeter murnonics corporation electronic graphics calculator). wc present a 
summary of resulta.for canopy closure estimates of greater than or equal to 40% canopy closure 
the all acreage classa examined in Fig- 1-4. 

Mylar overlays and data sheets were labeled as follows: temtory number, photo year, photo 
d e .  Photograph information was also included as: flight line : photo #. For example, 1: 12000 
scale 1989 photographs #1 and #2 from flight line 6, territory 5 would be listed as 
5.1989.12000. 689:1,2. This was done in order to facilitate a repetition of the analysis. 

TO validate the estimates, we groundxhecked canopy closure values for 12 of the 21 NKRD 
goshawk territories analyzed in the photo interpretation. We first relocated the areas delineated 
on the mylar overlays on 7.5' topgraphic maps. We then "road-surveyed" these areas for 
obvious timber cuts thatshad occumd after the latest photographs were taken, which would 
change an area's canopy density category designation. We did not ground-check arcas which 
appeared to have been harvested after the 1986 or 1989 photos had been takcn. 

We sampled tenitoxks h both miXd-conifer forest and ponderosa pine dominated forest with 
. representative areas in each of the five canopy closure classes. The majority of aerial photo 

estimates fell into the 4046-6096 canopy class, thereforc a corresponding majority of dcnsiometer 
transects were also in this class. Within each territory, we sampled the nwt stand and areas well 
away from the nest stand (approximately 0.5 mile to 1.5 miles away). 

We ground<hecked canopy density by walking transects and measuring closurc values with a 
spherical densiometcr. Transects were randomly selected to the extent practicable. We chose 
areas that we could locate ou topographic maps and the ground to assure sampling the selected 
cakgory of canopy c l o s ~ ,  and then determined transect direction randomly by coin toss. 
Tmsects were 100 meten kt length with point readings taken at 10 rneter.htewds. Point 
readings were tk m a n  of densiometer readings in the four cardinal directions. Where 
deciduous s p c h  contributed to the canopy, we estimated closure as the perimeter of the 
observed crown; all dedduous Speries had lost their l a v a  at the time of this measurement. 
This was a problem mostly in mixed conifer forest. The role of sapling3 in the canopy closure 
estimates was not comted for; saplings inflate the closure by s h o h g  up on the densiometer 
but functionally represenhg understory or mid-story foliage. We attemptd to correct for this 
but found methds too subjective and time consuming. We wrote a brief description of 
vegetative and topographic featurcs of areas, noting areas in which the number of saplings and 
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n e  m a  of the 10 pint readings and the standard error of the mean were calculated for each 
transect and are presented in Tablea 1 - 5 .  The data were separated into one of the five tables 
b& On its proximity to a known goshawk nest and the broad vegetative type of the ana. We 
pregnt the ground verification results for 3 canopy closure Classes (20%-40%,40%-60%, and 
6096-8096) in Figures 5 - 7. All the a b v e  raw data has been supplied to the KNF and Kaibab 
Forest R d u C t s  company. 

Our comparison of 1972 canopy density estimates with 1986 or 1989 estimates revealed that 
changes in canopy closure, and therefore forest structure, have taken place on the NKRD at 
locations evaluated in this study (Figure 8). A near total loss of the 60-8096 and 80%-100% 
canopy closure classes has occurred since 1972. The 4G6096 closure class has also been 
drastically reduced. The forest of the NKRD is now much younger, and more opcn as measured 
by canopy closure, than it was in 1972. 

Out ground verification showed that aerial photograph canopy closurt measurement was most 
accurate in forest dominated by ponderosa pine (Tabla 1 and 2, Fig- 5 and 6). Mean . 
ground-measured closure was 28% for the 2 0 4 %  cover class (n = 6, stan&rd error = 3.9) 
and 5 1 96 for the 40-6096 cover class (n = 5, standard error = 2.8). Our single ground 
verification of the 60-80 96 class measured 43 96 closure. We feel that this reading is an anomaly 
because this was an area with a dense middle canopy of pinyon, juniper and Gambel’s oak, Le. 
not ponderosa phc, as well as being on a slope of a steep canyon. The rarity of existing arm 
of 60-8096 canopy closure as determined from photo analysis made further ground verification 
difficult. 

We found aerial photograph closure masurements to be less accurate in mixed conifer forests 
(Table 3 and 4, Figuxw 5 and 6). Mean ground measured closure was 42% for the 204096 
class (n = 1) and 61% for the 44l%-6096 class (n = 5 ,  standard error = 6.1). Mcan ground 
measured closure for the 60-8046 class was 72% (n = 2, standard emor = 4.9. 

A deviation from the accuracy of the aerial photo estimates in ponderosa phe is noted h the nest 
stand (Table 2, Figum 5 and 6: note that PIP0 means ponderosa pine). There, a mean of 66% 
(n=6, standard m r  = 3.3) was found for a f ~ s  classified as 4040% closure. We also found 
ground-measured canopy C~OSU~CS to be high- Within the nest stand than the swrounding forest 
for mixtd-conifer temitories (Tabla 3 and 4, Figure 6). This enor probably a x h  from a 
limitation in our methdology in the photo analysis, where stands of less than 10 acra were not 
distinguishable from surrounding classes. This means that a goshawk nest stand in a small  patch 
of relatively dense forest would not be differentiated from the less dense forest surrounding it 
if the small patch was less than 10 acres in she. Crmker-Bedford and Chaney (1988) determined 
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that average canopy closure estimates for nest stands were 18% higher than average estimates 
for control si-. This implies that either goshawk nest preferentially in stands with denser 
overstories, or that nest-stand canopy density is greater than the overall forest now b e a u s  they 

' are' relict stands, where timber acthitie around the nest trct are curtailed by forest plan 
standards and guidelines. 

Because the estimates of canopy closure were considerably more accurate in ponderosa pine 
forest, we examined changes in canopy density and nesting success for that forest type. The 
active territory group contained tenitories 3, 5 15, 19, 20, 22 and 34. The inactive territory 
group contained territories 10, 12, 33, 47 and 54. Our initial analysis of the data involved 
taking the arithmetic mean of the number of acres within each canopy class for the active and 
inactive territories for each of the 250, 700, 1600 and 2500 acre areas. This resulted in a 
frequency distribution of the average number of acres within the inactive and active groups for 
each canopy closure class. We performed a chi-square test of g d n e s s  of fit (Pearson statistic) 
on the frequency distributions, with a null hypothesis that the distribution of acres within each 
canopy closure class was equal between the active and inactive tenitones. We were able to 
reject the null hypothesis (p < < .OOOl) in all eases. 

we fouowed the Chi-square test of g d n e s s  of fit with a series of Mann-Whitncy U-tests to 
elucidate where the differences within the dis!zibutions were. The null hypothesis was that the 
number of acres within each canopy closure class within a h  circblar ara was equal between 
active and inactive territories (g < 0.05). Therefore, for each of the 250,700, ldoo and 2500 
acre areas, we performed a U-test between active and inaCtive territories within each canopy 
closure class (Table 6). We dso performed U-tests on the number of acres within each area 
which had a canopy closure of greater than 4-096 (Table 7). P values less than or equal to 0.10 
(p 2 0. lo) have notations in the table explaining directionality of the differences. W e  can draw 
some interesting conclusions despite small sample s d  (n = 12). 

We found that in 198611989, inactive temtoriea had significantly higher proprtions of 2040% 
canopy closure class than did active turitories. Active territories had higher proportions of 40- 
60% covu in 198611989 photos, within the 1600 and 2500 acre arcas than did inactive 
territories at the p = 0.09 level (Table 6). These hdings suggest that the loss of acreage within 
the 4@60% canopy class is correlated with goshawk territoria becoming inactive. 

The importma of canopy closure to continued goshawk b-g success is &daI in Table 
7.- Temtoria that were active since 1988 had significantly pta acreage in the 40% or greater 
catagory for the 250,1600 and 2500 acre areas. Analysis of the 700 acre area yielded p = 0.06, 
which is close, but not at the p <  .OS signifimcc level. The directionality for this area also 
mirrors that of the other three acreage areas. Unfortunately, the analysis was not performed on 
60% or greater canopy closure because of small sample sizc, but suggesta that increasing 
percentages of canopy closures less than 40% is correlated with goshawk ttsritories becoming 
inactive. 
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1. 'uncertainty exists regarding the exact breeding status of some of the territories in 
. a n i f g  forest. Searches for alternate nests in mixed conifer are more difficult, thus 
increasing the probability of classing a krritory as inactive when it was in fact active. 
For knitonea in which only a single nest trec is known or searches for active alttmak 
nests were parformed by a Single surveyor, our confidence in inactive designation is 
decreased. 

Our ground verjfication results indicate that in mixedconifer forests, canopy density 
estimates from aerial photographs were 1- accurate than in ponderosa pine forests. 
(Figures 6,7 and 8). The mean measured closure outside the nwt stand was 42% for the 
2096-4096 closure class, and 61 96 for the 4096-6046 closure class pble  3). WOWWW, 
m a  (two tranmts) ws 72%. Within 
h e  nest stand, atrial photograph4 underestimated canopy closure, here with a greater 
error than for mixed+mnifer outside the nest stand. Mcan mMSured density for the 40% 
to 60% closure class wag 75%. 

. .  

2, 

~ 1 0 s u r t  for the @%-&I% closw 

- 

Conclusion and Recommendatiom 

This study has demonstrated a conelation between decreasing canopy closure and nesting failure. 
We b&eve the correlation is weakly defined chiefly as a resuit of the small sample size 
available, which was the result of very limited project funding. Another awial photo analysis 
should performed, a d y z h g  all temtories for which we have reliable repraductivc histories 
and using 1991 aerial photographs. Kennedy (1989) determined that male northem goshawks 
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forage over an a v e q c  of 5200 +red on a harvested forest in New Mexico. Reynolds (1979) 
e~timatcd acru for foraging male goshawks. Based oa this information, an arm of do00 
acres around each nest ciustcr should be analyzeb. Although goshawk nesting data pior to 1972 
is vimially nonexistent for the NKRD, prp.1972 aerial photographs should b~ examined. This 
will amtribute to a better understanding of the overall changezs in forest structure and 
composition that have resulted from increasingly intensive management for commodities 
prduction. The forest structure of the NKRD, at least antibum reflected by canopy density, 
has k n  drastically altered and continues to undergo change from timber harvest. The six 
territories for which we used 1986 photographs as the most recent photographs under-represent 
the habitat alteration to date, because considerable harvest has taken place in the 5 years since 
1986. 

This study addressed the effwts of alteration of wide arem of habitat surrounding goshawk nests. 
Statistical proof of a correlation between habitat changes and reproductive success is difficult 
because of the small  sample size available. However, the results of this study have disturbing 
implications on a more coa.rse but tangible level. The virtual elimination of f m t  with greater 
than 60% canopy closure, and the marked reduction of m in the 40%%60% closure classes, 
raises the question of availability of basic nest site requirements. As discussed above, current 
nest stands are protected from harvest by fomt plan standards and guidelines. However, as the 
remainder of the forest is harvest&, availability of potential nest stands with high (260%) 
canopy closurc is severely reduced. Undiscovered nest stands may k degraded bcyond utility 
by goshawks. Further, imprtant alternate nest stands will cease to be functional after being 
opened up. The remaining, protected n e t  stands art rapidly b m i n g  the only forest stands 
exhibiting nest stand characteristics. Thew stands art, as any, susceptible to loss.by natural 
events likc fire and blowdown. If these stands arc lost and no suitable, high canopy closure 
replacement stands arc available, this and other nesting populations may be in jeopardy. 

Further exacerbating the above problems of goshawk ecology are observations (Moore and 
Henney 1983) that in more open, harvested forests, goshawks could be out-competd or preyed 
upon by species adapted to open conditions, e.g. red-tailed hawks and great-horned owls. Such 
predation or competition has becn documented on the NKRD (Zinn and Tibbitts 1990) and 
elsewhere (Schuster 19TT). The goshawk is Tecognizbd as being fahly general in its use of prey, 
and use of a wide variety of avian and mammalian Specie has been dwummtd on the NKRD 
(Tibbitts and Zinn 1989, Mannan and Boal 1990, Mannan and Boat 1991). While it is valuable 
to -consider availability of ptential prey items in managing for goshawb, it must bt remembered 
that availability should bc defined as not only numerical availability, but ecological availability. 
As discussed a&ve, the goshawk is adapted to foraging in a complex structural environment. 
b g e  numerical pnscncc of potential prey in more q x n  forest conditions may not be tmly 
available to the goshawk, wpaially when predators adapted to those open conditions are 
sympatric with goshawb. 

The results of this analysis have disturbing implications for the future of the NKRD goshawk 
population, as well as the status of goshawks elsewhere in the Southwet where comparable 
changes in forest smcture are &g place. Solacc should not te taken in the fact that goshawks 
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conhue breed on the North Kaibab at higher densities than they do in any other hewn a- 
h fie 48 sta tu .  It is possible that when currently breeding adults begin to lave the 
breedkg p p a t i o n  a serious decline Will occur in the number of breeding pairs on the North 
mb&. If the data from 1972 are any indication, we expect this decline to occur within the next 
10 to 20 Y- unless current forestry management practices are significantly changed. 

Further efforts need to be directed toward defining goshawk home range sizes, preferred habitats 
or forest amibutes witkin that home range, prey use, demographics, and tolerance of goshawks 
for m&ting with commodities prduction on forest lands. Crocker-Word (1990) provides 
the only published, statistical andysis of the effectiveness of various habitat-management a r ~ .  
His raults*Wt doubt on the effectiveness of current management policies, and clearly indicate 
the need for further studies with similar approachm. Unfortunately, many of these studies will 
fact NO Limitations that we encountered. First, goshawk populations available for study will 
impose the statistical difficulties of relatively small sample s h .  Second, habitat modification 
h a  k n  increasing, especially over the past 10 ycars, and promise to Continue. Multipleyeat 
studies will be complicated by the possibility that significant changes in population dynamics will 
be a g  place duxing the next few years. Studies may be compromised by these uncontrollable 
variables, and may produce important information too late for it to be implemented to produe 
positive effctts for goshawk viability in the southwwt. 
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